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Table B.t
Total Factor Productivity Growth

PERIOD GROWTH RATE

US INDUSTRY

BLS: 19-18-1992

APC: 1948-1987

JGF: 1948-1979

LRC(2): 1952-1987

CO:\ll\lUNICATIONS
INDUSTRY

APC: 1948-1987

AT&T: 1947-79

LRC( I): 19·n,-1979

LRC(2): 1951-1987

R\\'e: 1960-l987

JGF: 19~8-1979

LRC(3): 198-l-1992

1.3%

1.7%

0.8%

1.2%

4.0%

3.2%

3.2%

3.2%

3.4%

2.9%

2.6%

(1) BU: Bureau or Labor SI<ltistlcJ. Multiproduct TFP Growth. U.S. PriV2te Business.
r-) APC: American Producti...i,y Center. Multiproduct TFP Growth. U.S. Privalc Business. COmmUnit:.:llionJ

Industry.
(J) JGF: Dalc W. Jorr-eoson. F. M. Gollup. and B." M. Fr.aumcni. l'roducliliry and U.S. Economic Growth

(C<lmbddl:C: Hamrd Univcnity PrcH, 1981). .
(-I) LRC(I): L. R. C1lrislerucn. Testimony filed in Uniled SlillO v AJl:<T. Ci.... Action No. 74·1698 (D. D.C. filed

Ko\'embcr 20. 197-1).
(5) AT&T: BclI SySlcm productivity Study: 19,ii·1979 (September. 1980).
(6) LRC(.!): L. R. Chrislcrucn, "Toul Producti ... i,y Growth in the U.S. Telecommuniurions Industry and L"e U.S.

Ecooomy: 1951·1987: IiIcd in Nonh Dal::OLa Public SCf"ic.c Commission C~ No. rU·2J2o-90-149 (CY.:loxr
I. 1990).

n) RWC; R. W. Cr.mJolll and J. Galsl, • Productivity Growth in thc U.S. Tc1ecommunications Set tor: The Impact
or tile AT&T Divcsliturc: Thc 8rool:;n&s InJlitulion (July, 1990).

(8) LRC(3): L. R. Christensen. Philip E. Sehoceh. <Ind Marl:: Mcilzcn. 'Produclivity or The J..oc;ll Operating
Telephone Companies Subjecl 10 Price Cap Rc~ul:alion" Filed:as Attachmenl 6 behalf of USTA in CC Dodet
9-1·1 (~by 3. 199~).

,...•...1.:_. r •. _._:...
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Table B.2
TFP Differential

U.S. Industry and Telecommunications

GROWfHRATE
DIFFERENTIAL

1947-76: Nadiri-Schankerrnan (I) 2.1%

1948-79: JGF (2) 2.1%

19~8-79: LRC( J) ()) 1.6%

19~8-79: AT&TI~1 2.0%

1948-87: APC 2.3%

1951-87: LRC(2) 1.9%
~"

J960-87: RWC 2.2%

1963-91: DR! PI 2.8%

J93-l-199:?: LRC(3) 2.3%

(I) t-l. I. NJJiri ;;nd M. Sch:onhrm~n. -The Structure of Production. Tedmologic;;1 Ch;;nge, and the lUte of
Gro\L'lh of TOl;;1 Factor Productivity in the U.S. Bell Syslem.· in ProDuctivity MCQ.SurcmcnJ in RcguloJcd
InJwtrics. T. Cowing and R. Stevenson. cds. (New Yorl:: Academic Press. 1981).

I:!) D. W. Jorgcnson.• Productivity ;;nd PoStw;;r U.S. Economic: GroW\h.- The JOUtrlD/ 0/Economic PCfJpcctillcs
(Fall. 1988). citing D. W. JOTl:ens.on. F. M. Gollup. and B. M. Fr4umeni. Producti"ity and U.S. EconorrJc
Gre..," (CambriLl&e: Ha eva rd University Press. 1987).

(J) L. R. Christensen. Testimony filed in Uniled Slajes v, AT&T, Civ. Action No. 74-1698 (D.D.C. filed
I"ll"cmhcr 20. 197~) comparing unpubli~hed cstim;;tcs of NtioNI TFP growth with cited Bell Syslem
rroJuelivilY gro...·th estim;;les.

(-I) AT&T: 5dl SY<lcm PrMuCljvjlY Sludy' 1947-1972 (Septcmber. 1980). com~ring unpublished estimates of
l\Jtiorul TF? ttowl1l with Cilcd Bell Syslem productivity growth eSlieNtes.

(5) DRII1I.lcGrJw.Hill. Pcnn<ylvinja Tckcommuniolions Infrat(1)lClurc Stllck Volume V (Much 1993).

(6) LRC(3): L. R. ChrislCnscn. Philir E. Sehoech. and M:lfl: Meillcn. -Produclivity or the Loal Opcr:aling
Telephone Cllmp:snies Subjrcl 10 Pri.:e Cap Rcgulalion: fikd as AllJchmenl 6 on bch:olr or U.sTA in CC
Dldcl 9.t-1 (M;;y 3. 199~).
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TSlblc B3
Productivity Differentiab

Based on Output Price Changes

CPI-U - CPI-TELEPHONE AVERAGE ANNUAL GROWTH

1935-1985 (I) 1.95%

1975-1985 (II 2.64%

1937-1987 (2) 1.8%

1977-1987 l2l 2.0%

1942- I993 2.0%

.r---.. 1982-1993 1.5%

1959-1993 ()) 2.4%

1929- J993 (~) 1.6%

19~6·1993 [~) 1.8%

C;\P-PI - CPI-TELEPHONE

1959.1993 IS) 1.7%

1982-1993 (6) 1.5%

(1) J. L. Lande and P. L Wynro.•Primer and Soureebool:: on TelcphollC Price lndexes and lUte Levels.· Indu~try

A1k\lrsi~ Division, Common urricr Burau. Fcdenl CommuniC4lions Commission (April, 1987).

(2) 'Trcnd~ in Telephone Service:: Industry Analy~is Division, Common Carrier Bureau. Fcdcr.ll Commun;C4I;oru
Commission (August I. 1988).

OJ This period. [or comp:lr;son purposes, Tn2lches the p.;riod [or the (irl.! GNP·PI differential below.

(~l Dau from FCC. Supplcmc[I\al NQlicc pf Proposed Rulc!Djl\:jnp, CC Do::l:.ct 87-313 (March 12. 1990). Appendix
D: T. Spavins and J. Lande. -ToLaI Telephone Producli..i!)' in the Prt and Post·Diyotiture Periods.' updalcd
Ihrouth 1993. The oritirul study found differentials of 1.7% for 1929·1989 and 2.0% for 1946-1989.

(6) Comp:lrc wilh CPI-U number oyer the ~me r~riod above.
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Figure B.1
u.s. TFP 10 Year Moving Average

Generally Varies Between 1 and 3 Percent
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Figure D.2
Telecommunications TFP 10 Year Moving Average

GeneraJly Varies Between 2 and 5 Percent
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Figure B-3
Telecom TFP 10 Year Moving Average Minus

U.s. TIP 10 Year Moving Average Varies Between 1 and 3 Percent
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Figure BA
Long Run Annual Productivity Offset

CPI-U All Commodities - CPI-U Total Telephone
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Figure B.5
Long Run Productivity Offset

GNP-PI· CPI-U Total Telephone
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Figure B.6
Long Run Productivity Offsets

for Local Telephone Companies

10% r-------------------------,

5%

-5%>

-10%

GNP-PI - CPI TEL

AVG =+1.7%

GNP-PI - CPI LOCAL

AVG = -0.7%

GNP-PI - LEe INOEX
AVG =+0.7%

-15%) L..:.~_-:... _ __'_~_ __'_..l.......A~_'____'__'__'__"~_~__=__~_...............~.o.__l..__..J

1960 1964 1968 1972 1976 1980 1984 1988 1992



Exhibit B.
Page 21 of23

William E. Taylor
December 13. 1994 :

Figure B.7
u.s. Private Business TFP Growth
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Figure B.9
Dirrercnc~ in Annual TFP Growth

Telecommunications - US. Private Business
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Figure B.8 .
Telecommunications Industry TFP Growth
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Figure B.9
DifTerenees in Annual TFP Growth .

Telecommunications· U.s. Private Business
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is about 3 years.' For statistical purposes then, a 3 year period (a complete cycle) should be

treated as a single observation, and multiple 3 year periods-Le.• a minimum of 6 years-must be

observed to calculate a meaningful average productivity measure with any degree of precision.

This requirement, coupled with the need to average out the effects of a single

company'5 erratic changes in TFP, require that a large sample of the telecommunications industry

is reviewed over a long period of time. Figure B.8 show~ annual and five and ten year averages

of telecommunications TFP growth. Finally, it is onJy the Qifferen~l: between national and

industry TFP growth that matters for the productivity target in the price cap fonnula. Figure B.9

shows considerable variation in annual prOductivity differences, ranging from +6.6 to -5.4

percent per year. The differences in the ten-year moving average are much less extreme ranging

from a maximum of +3.5 and a minimum of 0.5 percent.

The picrure in Figure B.9 also shows clearly that the long-run productivity differential

lxtwccn the U.S. telephone industry and U.S. private business averages about 2 percent per year.

We observed this same fact earlier in Figure B.S, where we nOled thaI the difference between the

3nnuJI rate of growth of GNP-PI and the CPI-U total telephone price index was 1.7 percent.2

This SJme differential (approx.imalely 2 percent) has been observed by most students of

tt:kcommunic31ions producliviry; possibly its strongest statement was provided by the FCC staff

Tnu~ ann,,:!! bro\\~h in TFP riscs and (Ollis morc npidly Ihan annual &rowth in GNP. llvCfilging about J year; bctween
PC::ll.s or between tTouShs. 1. W. Kcndrick. Long Tam Economic Grolvlh 1860-19;0 (Washington D.C.: U.S. Bureau
o(l11e Census. Junc 1973).

An import:!nl dU:llil~' principle in Ihc economic theory of produclion a$sureS uS Ihal we can use relative growth T2leS

of input ;)nd output prices or qUOlnlilies 10 eSlimate relative growth rales in TfP. Sec, for example. D. W. Jorgenson,

-The Emb<>Jimenlll~I'Olhesis:Thf JO/lrnol ojPolificol uonomy (February 1966). pp. )-11.



Exhibjt B
Page 9 of23

WIlliam E. Taylor
December 13, ]994

in the federal price cap docket where they noted a constant productivity differential (using output

prices) of between 1.7 and 2 percent over the 1929-1989 period.'

These results suggest that the price cap would be too volatile to be practical, if the

productivity target were adjusted every year based on annual productivity growth. Moreover, if

a company's own productivity growth were used to establish the productivity target, the incentive

basis of the price cap fonnula would degenerate. A plan in which a company's TFP growth this

year delermines its price growth next year would be perilously close to ordinary rate of return

regulation based on an historic test year. To obtain the full benefit of incentives to increase

productivity gro\l/lh and achieve the highest possible dynamic efficiency, the productivity target

mUSI be fired (i.e .. constant over time), so that the finn will treal it as independent of any of its

actions.

E. A 2 rcrcc'nl Differential is Consistent wjth the FCC Productivity Taffe1

Our historical TFP differenlial is consistent with the productivity target used by L1e

f:CC in its price cap plan for local exchange carrier interstate services. The FCC has

impkmcnlcd a productivily offset of 3 percent in its price regulation plan for AT&T and 3.3

percent [or its price regulation plan for the inlerstale access services of the LECs. (A LEC may

<::"l'rkmtnl;J1 ;--:otiee Qr Pr(\ro~ed Rulcma\;;nc. CC Doekel 87-) 13 (released !'-larch I:!. 1990). Appendix D. "Total
Telephone Producti\ ity in lhe Pre and Post Divcslilure Periods: by T. C. Spavins and J. M. Lande; and Second
8 q"'rJ :lnd Qrder. CC Dochl 87·) I) (released October 4. 1990), Appendix D. -The Long Tenn View of the
Arpropli:Jle Product;\ ;ty F~ctor for InterSl:lle E:tcnange Access: by T. C. Sp:l\·ins.

-----------_.
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select a productivity offset of 4.3 percent in exchange for a more favorable sharing proportion for

earnings above 12.25 percent.) The FCC's adoption of 3 percent as a productivity offset for

AT&T derives primarily from its analysis of AT&T's post-<livestiture output prices (Funher

Notice of Proposed Rulemakine. CC Docket 87-313, released May 23, 1988, Appendix C), in

which AT&T's MTS prices were shown to have grown approximately 2.48 percent more slowly

than the GNP-PI over tne post-divestiture period. An explicit "consumer productivity dividend"

of 0.5 percent was added to tne historical AT&T productivity differential to insure that ratepayers

benefitted from the regulatory change.

The productivity offset of 3.3 percent for LEes in the price cap plan reflects several

(actors which do not apply to intrastate service. First, interstate demand is almost entirely driven

by toll traffic and growlh in interstate toll traffic, stimulated by lower toll rates, is significantly

grt::ller thJn the growth of intrastate toll or local service. Second. the 3.3 percent o(fset is s!Xcific

10 the LEC price cap plan, and its value is very sensitive to details such as the treatment of

common line demand in the price cap formula. Finally. Appendix D to the Second RepoT1 and

.Qr.dn in CC Docket 87-313 showed that a long run productivity differential for the (otal industry

of 1.7 [0 2.0 percent would imply an inlersta[c productivity differential of2.1 to 2.6 percent and

an associated intrastate productivity differenlial of 1.5~ to 1.81 percent: T. C. Spavins. "The Long

Term Vic\v of the Appropriate ProductivilY Faclpr for Inlerstate Exchange Access," pp. 9-10.

r __ ":_. r : .
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F. Conclusjon

Based on this review of twenty direct and indirect productivity srudies. it is clear that

on average, telecorrununications total factor productivity grows approximately 2 percent more

quickly than productivity for U.S. industry as a whole. This conclusion is confinned over every

time period tested from the recent and relatively short time period covered by the latest

Christensen direct study ofTFP to the longest time period considered, 1929-1993, in an indirect

study. Based on these historical comparisons of TFP growth between the telecommunications

industry and the U.S. as a whole, the productivity differential for a price cap formula has thus

averaged about 2 percent. That is, if telephone industry prices had grown at approximately 2

pcrCCnlJgc points morc slowly than the overall rale of infiation. then telephone prices would have

been growing c:lt about the same rate as telephone COSLS.

, . ,.~ . r ....•...
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Table B.t
Total Factor Productivity Growth

PERIOD GROWTH RATE

US INDUSTRY

BLS: 19-18-1992

APC: 1948-1987

JGF: 1948-1979

LRC(2): 1952-1987

CO;\YJ\lUNICATIONS
INDUSTRY

APC: 1948-1987

AT&T: J947-79

LRC( 1): 1947.-1979

LRC(2): 1951-1987

R\\'C: 1960-1987

JGf": 19~ 8-1979

LRC(3): 1984-1992

1.3%

1.7%

0.8%

1.2%

4.0%

3.2%

3.2%

3.2%

3.4%

2.9%

2.6%

(1) BL5: Bureau or Labor S"llisticl. Multiproduct TFP Growth. U.S. Private Business.
Gl APC: American ProJuctivilY Cenlcr. Muhiproduct TFP GroW\h. U.S. Privalc Busincsl. Communicalions

lnduslry.
OJ JGF: Dale W. Jor~cnson, F, M, Gollup, and B; M. Fnumcni, frodurriliry aruJ U.S. Economic Growth

(Cambridl:e: H3rv:lrd Univcrsity Prell, 1987). .
(ol) LRC(I): L R. Chrillensen. Tcstimony filed in United Stllies v AI&I. Civ. Action No. 74-1698 (D.D.C. liled

l'ol'cmocr 20, 1974).
(5) AT&T: Bell System Productivity Study' 19J7-1972 (September, 1980).
(6) LRCOl: L. R. Christensen, -Toc.al Productivit), Growth in the U.S, Telecommunications Industry and the U.S.

Economy: 1951'1987,- filed in Nonh Dakota PublicScrvic.c Commission Case 1\'0. rU-2J2D-90-1<l9 (Oclobcr
1.19901.

nl RWC: R. W. Cr.InJ41l and J. G~Jst, 'Produclivity Growth in the U.S. Tcletommunic<llions Setlor: Tht Imp3tt
orthc: AT&T Divestiture: The Brool;in&s Institution (luly, 1990).

(8) LRC(3): L. R. ChrislCnscn. Philip E. Schocch. and Marl: Meilzcn. -Product;"ity or The Loc:.al Operaling
Telephone Comp:lnies Subject to Price: Cap Rc:gulalion' Filed~ AUllchmenl 6 behalf or USTA in CC DOCKet
9ol·J (~l:>y 3. JmI.

"'. __ •. 1..: __ r ..~_._:....
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Table B.2
TFP Differential

U.S. Industry and Telecommunications

GROWTH RATE
DIFFERENTIAL

1947-76: Nadiri-Schankerman Cll 2.1%

1948-79: JGF C2l 2.1%

19~8-79: LRC(I)Il) 1.6%

19-18-79: AT&TC~) 2.0%

J948-87: APC 2.3%

1951-87: LRC(2) 1.9%
,,- ..

1960-87: RWC 2.2%

1963-91: DRI 01 2.8%

193';·199:2: LRC(3) 2.3%

(1) />1. I. NJJiri ~nd M. Sch4nkcrm~n. -The Structure or Production. TC'Chno)ogic~1 Change, and the Rate or
Gro...·th or Total Factor Productivity in the U.S. Bell System.· in PrrxJllcliviry MCQSllfCmCnr in Rcgulatd
/nJwtria. T. Cowin/; and R. Stevenson. cds. (New Yori:: Aademic Press. 1981).

(:!) D. W. Jortenson. ·Producli..i!)' ~nd Postwar U.S. Economic Growth.· Thc Jouf7IDl ofEcorwmic PcrJpccriva
(Fall. 1988). ciling D. W. }Oftenson. F. M. Gollup. and B. M. Fraumeni. PrrxJllcliviry end U.S. Economic
GrOhlh (C<lmbril.lte: Harvard University Prus. 1987).

CJ) L. R. Christensen. Teslimony filed in United Sl~ics y AT«T. Ciy. Action No. 74·1698 (D.D.C. filed
l'u\'cml'<r 20. 197~) comparing unpublished estimates or national TFP /;rowth with cited Bell System
rroJucliyilY &ro...·th estimates.

(.I) AT&T: Bt1l Sy<l,m PrNlucljvjlY Slllll:r 1947·1979 (September. 1980), comparing unpublished cslimalcs or
l\JliOnJl TFP crov.·1h wilh ciled Bell System prodUCliyity l:roWlh estimatcs.

(S) DRIf:-.lcGrJw-HiII. Pcnnw!vinia TckeommunitaliQOS Infr3~lruClurc Sl\Id'(. Volume V (March 1993).

(61 LRCCJ): L. R. Chrislcnsen. Philip E. Schocch. ind Mark Mdtlcn. ·Productiyity or the Lool Oper_ling
Tc1crhonc: Ct>mp3nits Subject 10 PIN:e Cap Regulalion.· r,led is Atuchmcnl 6 on be~l(or USTA in CC
Dtldel9-l·1 (M<lY 3.199.$).
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Table B.3
Productivity Differentiab

Based on Output Price Changes

CPI-U - CPI-TELEPHONE

1935-1985 (I)

1975-1985 (II

1937-1987 (2)

1977-1987 I2J

1942-1993

1982-1993

1959-1993 PI

1929-1993 IJI

19~6-1993 (Jl

Cl"P-PI - CPI-TELEPHONE

1959.1993 IS)

1981-1993 (6)

AVERAGE ANNUAL GROWfH

1.95%

2.64%

1.8%

2.0%

2.0%

1.5%

2.4%

1.6%

1.8%

1.7%

1.5%

(I) J. L. Lande and P. L WyMS. 'Primer and Sourubool: on Tclcphol"oC Price rr":!exes and Rate Lcvch: fndust!")'
An;\lpis Division, Common Carrier Burau. Federal Communicalions Commission (April. 1987).

('2) 'Trends in Telephone Servic.c: Indust!)' Analysis Division. Common Carrier Bureau. Federal Comm:micol:on.s
Commission (Au;;USI ). 1988).

(3) This period, for comparison purpose.!. malches the p.;riod {or the lif~ GNP-PI differenlial below.

(-I) Data (rom FCC. Svnp!cmcllIaJ "'pIke Dr Prppoxd RvlclJlill%jop. CC DoddS7-3!) (March 12. 1990). Appendix
D: T. Spavins at'ld J. Lande. -Toul Telephone ProductivitY in the Prc and POSl·DivOliturc Periods.' updated
lhrous:h 1993. The oriti~1 study round diHmnlials or 1.1~ ror 19'29·1929 at'ld 2.0% for 1946-1989.

(5) The lonJ;esl period {or ....·hith GNP·PI dau is available.

(6] Comr~re ..... ith CP[·U number Over the same r~riod above.

1. 4 • r ..
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Figure B.l
US. TFP 10 Yur Moving Average

Generally Varies Between 1 and 3 Percent
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Figure D.2
Telecommunications TFP 10 Year Moving Average

Generally Varies Between 2 and 5 Percent
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Figure B.3
Telecom TFP 10 Year Moving Average Minus

U.s. TFP 10 Year Moving Average Varies Between 1 and J Percent
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Figure B.4
Long Run Annual Productivity Offset

CPI-U All Commodities - CPI-U Total Telephone
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Figure B.5
Long Run Productivity Offset
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Figure B.6
Long Run Productivity Offsets

for Local Telephone Companies
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Figure D.7
u.s. Private Business TFP Growth
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Figure B.8 .
Telecommunications Industry TFP Growth
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Figure B.9
Differences in Annual TFP Gro\t1h

Telecommunications· US. Private Business
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